We present a theoretical model of moral hazard and adverse selection in an imperfectly competitive loans market that is suitable for application to Africa. The model allows for variation in both the level of contract enforcement (depending on the quality of governance) and the degree of market segmentation (depending on the level of ethnic fractionalization). The model predicts a specific form of non-linearity in the effects of these variables on the loan default rate. Empirical analysis using African panel data for 111 individual banks in 29 countries over 2000-2008 provides strong evidence for these predictions. Our results have important implications for the conditions under which policy reform will enhance financial development. JEL classification: G21, O16
1. Introduction
In terms of financial development, Africa still lags behind other parts of the world. African banks are deterred from lending in domestic markets by a lack of creditworthy borrowers, and loan volumes are highly sensitive to default rates (Adrianova et al., 2014) . As a result, many African banks are excessively liquid and channel an unusually large proportion of domestic savings abroad, although there is substantial variation in banks' default risk and asset structure, both within and between countries (Honohan and Beck, 2007) . At the same time, firm and household surveys reveal endemic credit constraints. For this reason, understanding the determinants of the rate of loan default is crucial in overcoming obstacles to financial development in Africa. Our paper makes a first step in this direction by providing both theory and evidence that shed new light on the factors behind the high rate of loan default in many parts of Africa.
The focus of attention in both the theoretical and empirical parts of the paper is on two key characteristics of the African banking sector. Firstly, there is great deal of variability across Africa in terms of both the level of corruption and the quality of contract enforcement. This variability is revealed in indices of the quality of governance produced by organisations such as the World Bank, Transparency International, and the Bureau van Dijk. Daumont et al. (2004) argue that weak contract enforcement in Africa is due to a number of factors, including excessively time-consuming and unwieldy legal procedures, high litigation costs, a lack of appropriately qualified judges, and inadequacies in the cadastral system that inhibit the identification of collateral property. The large variation in the magnitude of these problems across Africa suggests that they may help explain the observed variation in the incidence of loan default.
Secondly, many African counties are characterized by a high level of ethnic fractionalization (Easterly and Levine, 1997) . A lack of trust between different ethnic 2 groups is likely to generate high inter-ethnic transactions costs, which will lead to a high level of market segmentation (Aker et al., 2010; Robinson, 2013) . Existing studies of ethnic market segmentation have not focused explicitly on financial markets, but there is no reason to suppose that financial markets are any less susceptible to this problem than others. Even in countries with a large banking sector, ethnic fractionalization is likely to create monopolistic competition, because banks are differentiated by the ethnicity of their staff. African banks are therefore likely to face unusually inelastic demand curves.
The theoretical section of the paper develops a simple stylized model of loan default which emphasizes the importance of imperfect competition and the quality of governance. This model features both adverse selection and moral hazard, problems which are exacerbated when market segmentation is more pronounced or when the quality of contract enforcement is poor. Unsurprisingly, the theory predicts that high loan default rates are more likely when there is greater market segmentation or when contract enforcement is weak. But the model also produces some less obvious predictions about non-linearities in these effects that arise from the interaction of the market segmentation and contract enforcement problems. Improvements in the quality of contract enforcement will reduce loan default rates only in certain situations: specifically, when the contract enforcement problem is initially neither much more severe nor much less severe than the market segmentation problem. The theory can help explain why in some circumstances improvements in enforcement quality have a large effect on loan default rates, but in other circumstances there may be little or no effect.
The empirical section of the paper tests the predictions of the theoretical model using a panel data set on loan default rates faced by individual African banks. In the empirical model, market segmentation is interpreted in terms of ethnic fractionalization and contract enforcement is interpreted in terms of the quality of governance as measured by the World Bank's World Governance Indicators. We find strong evidence to support 3 the predictions of the theoretical model, which has important implications for financial development policy.
2. Theory
Our starting point is a Hotelling (1929) 'linear city' model that embodies a degree of product differentiation between banks whose financial services are imperfectly substitutable. 1 The model is kept as simple as possible, in order to highlight the most salient characteristics of African banking. There are j = 1,…,J different sectors in the economy, and in each sector there is a large number of firms which need to borrow in order to invest in physical capital. The different sectors are distinct from each other, so for example a firm from sector 1 cannot plausibly claim to want to invest in sector 2; entry into each sector is restricted and firms cannot switch sectors. 2 For the sake of simplicity, all of the sectors in the model have the same characteristics except for the rate of return on investment, which is R j . (However, the main results of this simple model will continue hold as long as the sectors are not too heterogeneous.)
In each sector, there are three different types of firm which seek a loan of one dollar in order to undertake their investment: 'honest' borrowers (in proportion ), 1 Some of the features of our model are shared with other models that extend the credit rationing theory of Stiglitz and Weiss (1981) . For example, Besanko and Thakor (1987) , Petersen and Rajan (1995) and Hoff and Stiglitz (1998) develop theories of adverse selection and /or moral hazard in a monopolistic competition setting. However, the banks in these models have market power because of features such as increasing returns to scale, not product differentiation. Villas-Boas and Schmidt-Mohr (1999) and Hauswald and Marquez (2006) do present models that allow for product differentiation, but these models focus on adverse selection rather than moral hazard, and do not allow for the variation in the quality of contract enforcement that is central to our model. The model presented here is an extension of the one in Andrianova et al. (2014) , and, unlike that model, incorporates asymmetric information on both sides of the transaction. 2 See Venables (2010) for a discussion of the entry deterrence endemic in African markets.
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'dishonest' borrowers (in proportion ), and 'opportunistic' borrowers (in proportion , with + + = 1). The honest and opportunistic borrowers in sector j all have a rate of return R j . The honest borrowers always repay their loan but the opportunistic borrowers can choose whether to repay or default on the loan. The dishonest borrowers have a rate of return equal to zero, and this type of borrower will always default on a loan. The borrower's type is private information, but the proportions , and are publicly known.
In any one sector, all borrowers are uniformly distributed along a unit interval with a distribution density equal to one. Each borrower can apply for a loan from at most one bank. There are two banks, which are located at opposite ends of the interval in each sector. The two banks compete for loan contracts, with bank i (i A, B ) setting its sector-j loan interest rate r ij to maximise its expected payoff. Applying for a loan is costly to a borrower because of a 'transportation' cost of t dollars per unit of distance between the borrower and the bank. One interpretation of the distance between the banks is that it represents an ethnic difference. For example, each of the two banks could be associated with a different tribe, with the customers coming from a variety of tribes that are culturally closer either to one bank's tribe or to the other's. In this interpretation, t is a measure of the cost that accompanies interactions with other tribes. In general, we might expect t to be larger in countries that are more ethnically diverse and in which the unit interval in the model represents a greater cultural divide.
In this way, t parameterizes the magnitude of the market segmentation problem discussed in the introduction.
Each bank has sufficient funds to approve all loan applications (which is consistent with the findings of Honohan and Beck, 2007) . The banks differ in their ability to gather and use information about an individual borrower's characteristics. 3
Either bank can be of one of the two types: a 'competent' type with a screening technology or an 'incompetent' type with no ability to screen borrowers. The bank is competent with probability and incompetent with probability 1 − . The value of is common knowledge, but only the bank itself knows which type it is. If the borrower is opportunistic or dishonest, then with probability the screening technology reveals this information. With probability 1 − the screening fails to reveal any information. With slight abuse of notation, we assume that a -type bank chooses whether to screen or not to screen, and then whether to refuse or not to refuse applications from borrowers with a negative screening signal. Both banks have access to a safe asset with a return equal to r 0 (0 r 0 R j ).
Loan contract enforcement is imperfect. When a loan has funded a project with a return of R j , default on the loan is penalized with probability ; the penalty is equal to 1 + R j dollars, of which the bank receives 1 + r ij dollars. In other words, if the bank is compensated then it receives the amount stipulated in the loan contract. With probability 1 − no contract enforcement is possible and there is no penalty. When the loan has funded a project with a zero return, no enforcement of the loan contract is ever possible.
The return on the investment is observable ex post and is non-falsifiable. All players are risk-neutral. The timing of events is as follows:
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(1) Bank i sets its lending rate r ij .
(2) Each borrower chooses a bank to apply for a loan of one dollar.
(3) Facing a demand for loans equal to D ij , bank i chooses whether to screen all of its loan applications or not. This choice will depend on whether it is a -type bank.
(4) Each bank chooses which applications to approve and which to decline.
(5) Honest and opportunistic borrowers with an approved loan invest the money.
(6) An honest borrower repays the loan, a dishonest borrower defaults, and an opportunistic borrower chooses whether to repay or to default.
(7) In the case of default, the banks seek compensation.
(8) Payoffs are realized.
Let q 0, 1 denote an opportunistic borrower's decision whether to repay (q = 1) or to default (q = 0). Let 0, 1 be a bank's decision to screen, with = 1 in the case of screening. Let p k 0, 1 , where k , 1 -, be a k -type bank's decision whether to approve all of its applications when there is no screening. Note that if the transportation cost t is too high then no-one will want to apply for a loan. Also, if the proportion of dishonest borrowers (1 -) is negligible then a competent bank will find it unprofitable to use the screening technology. In what follows, we assume that t and are low enough so there is a market for loans and the screening technology is relevant.
Solving the model backwards for pooling equilibria, we obtain the following result: 7 P Proposition 1. There exist values , j , and t so that for ≥ and t ≤ t , the unique equilibrium in sector j is:
(i) The low default equilibrium (LDE) with q = = 1 p = 1, when ≥ j .
(ii) The high default equilibrium (HDE) with q = 0 and = 1 p = 1, when ≤ j .
(iii) The no lending equilibrium (NLE) with q = = p = 1 p = 0, when .
More details are given in Appendix A. Intuitively, the NLE occurs when contract enforcement is very weak. In such a situation, widespread default by opportunistic and dishonest borrowers makes lending unprofitable for any screening technology. Since we do observe some bank lending, even in countries with very weak institutions, the NLE is probably of theoretical interest only. The LDE occurs when there is a non-negligible proportion of dishonest borrowers but contract enforcement is sufficiently good. The HDE occurs within an intermediate range of contract enforcement parameter values, when opportunistic borrowers have no incentive to repay (given relatively weak enforcement) but the banks nevertheless find it profitable to screen and to lend to all borrowers for whom no negative signal has been obtained. (This equilibrium requires contract enforcement not to be too weak and default compensated often enough to make lending profitable.) Note that for all equilibria, the two banks set the same interest rate.
In Appendix A we derive an equation for j which takes the following form:
Equation (1) defines the minimal value of required for the market to be in the LDE: below this value, the HDE will obtain. Appendix A also includes an equation for the interest rate in the LDE:
This interest rate is independent of R j and therefore uniform across all sectors.
Combining equations (1-2) we have:
The two key country characteristics that we will be analyzing in the next section are the quality of governance (interpreted in our theoretical model as ) and the magnitude of ethnic fractionalization (which we interpret as a correlate of the 'transportation' cost t).
Equation (3) implies that in ( , t) space the LDE-HDE boundary for any one sector will be an upward-sloping line, as shown in Figure 1 . Higher values of t push up the boundary value of : a higher level of 'transportation' costs gives more local monopoly power to the banks and pushes up the equilibrium interest rate; this makes opportunistic borrowers more likely to default at the margin, so better contract enforcement is required to maintain the LDE equilibrium. yield the same rate of return R j . In this one sector, small changes in or t will have no effect on the default rate unless the starting point is very close to the boundary line. If 9 the starting point is close to the boundary line, then a small change could take the sector across the line, with a very large change in the default rate. However, different sectors face different rates of return, so they have different boundary lines. There will be a distribution of boundary lines, as illustrated by the gray area in Figure 2 . Outside of the gray area, small changes in or t will still have no effect on the overall default rate for a bank, but inside the area there will be some effect, as the boundary line is crossed for some value of R j . If the R-values are unimodally distributed, then the magnitude of the effect of a small change in or t will be greater when the starting point is closer to the modal boundary line (the black line in Figure 2 ). In other words, the response of the overall default rate to a small change in or t will be smaller when the starting point is further from the modal boundary line, i.e. when either is high and t is low, or is low and t is high.
This brings us to a set of specific empirical predictions about the relationship between the default rate, governance and ethnic fractionalization across countries and over time. Firstly, as long as some countries in some time periods fall within the gray area in Figure 2 , we should see a negative correlation between the default rate and (governance), since a higher value of moves a country upwards towards the LDE space; we should see a positive correlation between the default rate and t (ethnic fractionalization), since a higher value of t moves a country rightwards towards the HDE space. These predictions are unremarkable, but we should also see that the size of the effects is greater in countries / time periods where there is either (i) relatively poor governance and relatively low fractionalization (the south-west of Figure 2 ) or (ii) relatively good governance and relatively high fractionalization (the north-east of Figure   2 ). To put it another way, the level of governance at which changes in governance matter depends on the level of fractionalization: the higher the level of fractionalization, the higher the level of governance at which there will be the most sensitivity of the default rate. In the next section we test this prediction using cross-country panel data.
3. Evidence
In this section we present tests of the predictions outlined above, using African These characteristics are all measured using Bankscope data.
( (iv) The age of bank i in year y, measured in years (age iy ), plus (age iy ) 2 . Older banks may have had time to acquire competence in the screening of customers, in which case we would expect the default rate to be decreasing in age. On the other hand, very new banks may have fewer informal connections with the political elite and come under less pressure to issue loans to customers of dubious creditworthiness, in which case we would expect the default rate to be increasing in age. (vi) The share of the government in ownership of bank i in year y (governmentownership iy ). Government-owned banks may make less effort to screen certain customers, either because of political patronage or because the government wishes to raise the volume of finance to investors, even at the expense of a high rate of default. In this case, the default rate should be increasing in the government ownership share.
In addition to these measures of bank-specific heterogeneity, the empirical model also includes two additional country-specific variables. Summary statistics for the variables in the model are given in Table 1 , which also includes information about the distribution of banks across the 29 countries in our sample. Missing observations for some banks in some years mean that we have an unbalanced panel with 528 observations in total.
Our empirical model is designed to test hypotheses about the effect on banks' loan default rates of the quality of governance ( in the theoretical model, governance in the empirics) and ethnic fractionalization (t in the theoretical model, ethnic in the empirics). The theory implies that the effects will be non-linear, but first of all we test whether governance and ethnic have any impact on default on average. In order to do this, we note first of all that the dependent variable is limited to the interval [0,1]. An appropriate estimator for this type of limited dependent variable in a panel has been developed by Papke and Wooldridge (2008) . Our underlying model is assumed to be of the form: 
where F (.) is a cumulative density function, i is a bank random effect and y is a year fixed effect. Following Papke and Wooldridge, we can estimate the parameters in equation (4) Table 2 are not equal to the partial derivatives of the default rate with respect to each explanatory variable. Therefore, the parameters do not necessarily indicate the relative importance of each variable for the default rate. Estimates of the partial derivatives will be discussed later, and at this point we discuss only the signs of the estimated effects.
In column 1, all of the estimated parameters are significantly different from zero at the 5% level, except for those on government-ownership and growth-rate. Ceteris paribus, smaller banks have significantly higher default rates than larger ones, and middle-aged banks have significantly lower default rates than the youngest and oldest banks: the quadratic term in age implies that the lowest default rate is when age = 56 years. The non-monotonicity of the age effects may reflect the fact that that there is more than one channel through which age affects defaults rates, as suggested above.
Column 1 also shows that high default rates can be mitigated by good governance and low ethnic fractionalization. Conditional on all of these effects, North African banks have higher default rates than banks in Sub-Saharan Africa: this effect was not anticipated and deserves further study. These results are also feature of the models in columns 2-4, except that ethnic is not quite significant when control of corruption is used to measure governance, and regulatory quality is not quite significant when it is used to measure governance. Nevertheless, the measures of governance and ethnic fractionalization are jointly significant at the 5% level in all four versions of the Table 2 model, and the relevant parameters have the expected signs in all cases. This suggests that our empirical measures are relevant to the theoretical quantities and t, and we now proceed to use these measures to test the predictions of the theoretical model about the interaction between the effects of governance and ethnic fractionalization.
The theory predicts that the sensitivity of the default rate to governance and ethnic fractionalization will be greater when either both of these characteristics are relatively high or both of these characteristics are relatively low, in the north-east and south-west of Figure 2 . Table 3 reports a test of this prediction based on estimates of the parameters in equation (4) for two sub-samples: (i) observations for which governance (as measured by the principal component) and ethnic are either both above their sample mean values or both below their sample mean values; (ii) observations for which either governance is above its sample mean value and ethnic is below its sample 16 mean value, or vice versa. If the prediction of the theory is correct, then we can expect the absolute values of the 1 and 2 parameters to be greater in (i) than in (ii). Table 3 shows that this is indeed the case; moreover, the differences are jointly significant at the 1% level, and the 1 and 2 parameters in (ii) are insignificantly different from zero. In Given this significant difference, as predicted by the theoretical model, we can try to estimate how default / governance and default / ethnic vary across different points in Figure 2 . In order to do this, we need to parameterize the interaction between the governance and ethnic effects. One approach is to fit a model that includes additional terms in equation (4) that interact both governance and ethnic with the difference between the two, this difference being a measure of the distance from the dividing line in Figure 2 . However, one complication with the construction of this difference is that governance is an index with an arbitrary mean and variance. We address this complication in two alternative ways. In Model A we construct a difference term based on standardized values of governance and ethnic:
Here, the and terms are the sample means and standard deviations of the relevant variables. Using this difference term assumes that the relative magnitudes of the standardized variables approximate to the relative magnitudes of and t in Figures 1-2 6 Another striking feature of Table 3 is that the effect of growth-rate on default is significantly positive in (i) and significantly negative in (ii). However, variations in the effect of economic growth are not part of our theoretical predictions, so we do not pursue the effect any further here.
(and that the slope of the dividing line is close to one). Alternatively, in Model B we construct a difference term that is free of these assumptions, including scaling parameters and that are to be estimated along with the parameters: jy jy jy difference governance ethnic
In both cases, the equation to be estimated is: 
The parameters 9 and 10 capture the speed with which default / governance and default / ethnic fall as we move away from the dividing line in Figure 2 . Given the results in Table 3 , we can expect that 1 0 2 and 9 0 10 : larger absolute differences between the governance and ethnic fractionalization variables diminish the absolute size of the effect of both variables on the loan default rate. (5), along with the corresponding t-ratios. 7 It can be seen that parameter estimates in the two versions of the model are very similar, but that the t-ratios in 18 parameters that reduce the precision of the estimates somewhat. 8 The signs of the four key parameter estimates ( 1 , 2 , 9 , 10 ) are consistent with our expectations; in Model A all four parameter estimates are significantly different from zero at the 5% level, while in Model B the 1 and 2 estimates are significant at the 5% level and the 9 estimate significant at the 10% level. Other parameter estimates are similar to those in column 1
of Table 2 , except that the government-ownership effect is somewhat larger and now significantly greater than zero: the default rates of government-owned banks are higher than those of privately owned ones. All significant parameter estimates have the expected sign.
The parameter estimates in Table 4 can be used to calculate the average effect of each variable on the default rate, i.e. n F ' evaluated at the mean value of default. For the linearly separable terms (those in age, age 2 , assets, government-ownership, growthrate and North-Africa), these average partial effects are also reported in Table 4, along with the corresponding t-ratios, which are slightly smaller than the t-ratios on the parameter estimates. The average partial effects reported in the table imply that a 1% increase in the size of a bank (as measured by its asset base) reduces the default rate by about one third of a percentage point, and that a one percentage point increase in the share of the government in the bank's ownership increases the default rate by just under 0.1 percentage points. For a bank of average age (37 years), an extra year of age also raises the default rate by just under 0.1 percentage points.
The average partial effects of governance and ethnic depend on difference, and Figure 3 shows that in a country with a minimal value of difference, a unit improvement in governancei.e. an improvement equal to one standard deviation of the variable across the whole worldcan be expected to reduce the default rate by about seven percentage points. At the mean value of difference (around 1.5) the effect is slightly less than half as large, and above the mean the effect becomes statistically insignificant. Figure 4 shows that in a country with a minimal value of difference, a 10% increase in ethnic fractionalization can be expected to increase the default rate by about 0.7 percentage points. The decline in the size of the effect is somewhat less marked than in Figure 
4. Discussion
The theoretical model presented in this paper shows that when a country's banking sector is characterized by market segmentation (which is one possible consequence of ethnic fractionalization), adverse selection and moral hazard, improvements in the quality of contract enforcement will sometimesbut not alwaysreduce the incidence of loan default. When segmentation is acute, it is at high initial levels of contract enforcement quality that improvements in quality will make a difference; when segmentation is less severe, it is at low initial levels of contract enforcement quality that improvements in quality will make a difference. Analysis using African panel data for 111 individual banks in 29 countries over 2000-2008, provides support for these predictions.
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These results suggest that discussions of the economic consequences of ethnic fractionalization need to be nuanced. In the context of financial markets, increased fractionalization has deleterious consequences only in some circumstances: namely, when the level of fractionalization is initially high (in countries with strong institutions) or when the level of fractionalization is initially low (in countries with weak institutions).
Among both the most fortunate countries (low fractionalization, strong institutions) and among the least fortunate ones (high fractionalization, weak institutions), moderate differences in the level of fractionalization will not matter.
Our results also complement the discovery of threshold effects in the financegrowth relationship (Rioja and Valev, 2004; Demetriades and Law, 2006) . 9 These authors find that financial development has a larger impact on growth in middle-income or high-income countries, and is less important in low-income countries. Our results suggest that in highly ethnically fractionalized countries with initially weak institutions, marginal improvements in the quality of these institutions are unlikely to lead to very much financial development. In these countries, development policy must first mitigate the market segmentation that arises from ethnic fractionalization before improvements in institutional quality can ameliorate financial market outcomes. Otherwise, development policy that focuses on financial market institutions is unlikely to be successful. This is a dimension of policy sequencing that has not previously been recognized. 
